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ELECTROCHEMICAL ENERGY SFORAGE USING PEM SYSTEMS

N. IL Vardcrhorgh, J. (’. Ilrxkstrorn, and J. R. I luff

Advanced Enginctring Tcctmolugy Group
I AM Alarnus National I,abora[ory
1.0s Aliimos, NM

. .
‘“’ - K7S45 USA

AIUWRA(”I”:

“llL\ ppcr gives lhc rcsulls of an cnginccring
hswsmcnl for fulum, long-lived spacepower syswms
for cxuulcrrcsuial apfrliratkms. SOlar-based,mgcncrativc
fuel cdl power plantsfmmxl fnm cirhcr alkirlinc or
I’l{M cmnponcm arc rhc focus. ‘I”CSIrcsul~son
advanctxlI’I{Mfuel cell swck mrqroncnrs am prmcnlcd

Kcy words: !ipact frowcr. fud ds. dcclrdysis, crw!gy
slorugc, PI:M. alkdinc

1, INIROIN I(”I”ION:

generation Ihc gases arc mwcrlcd 10 Ihc frnxlucls,
clcctricd P)wcr and waler. Waler is rcmrrtrxl 10 the
storage lank. I lsually, lhc I :Icctrolysis stack opcralcs al
r.tw.sanw prwurc as rluu u.wd for gtts wragc, while the
[d cell sutckoperalcsat mm Iowcr prtxmm.
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Aculrolysis slacks. I?w energy Ucnsily rcsulL%mom Ilw
~llitIlli[~ of @C(WS rciklwIL\ itnd liquid wirlcr stlwc~.
h)tm~sing energy dcnsily involves uddingiuhlitionirl
smrdgcfilcilitics WNJqu;u~[iti~si~tr~ir~~L\. ‘lh~ RI‘(’
syslcm is unique in iLs high cfficicncy, high puwcr
capahililics (tnUh electrolysis iln~ fuel cell ofrcrdtion),
high rcliahilily, ml design Ilt:xibilily

2. Rl{(illNIiRAl”lVli 1111;1.(:1;1,1,‘I’1l’IINOI. ()(;Y
ASSIiSSMlilW1’:

numiqynwm anu lmprovmg smx nwumc. Anmugn
tic fuel CCIIurrdelectrolysis shwkscan Iw ombimxl m
f(mn ~mcfihysictil uniL achieving [his inlcgralion &ws
Iilllc 10dc?rvmc syslcm wcighl. especially if tic
inlcgrukxl R1l’ dcmonslmtcsIowcr fuel cell voltugcs.
!n(mcstirrgly,wmqnmcnL\ fm heal rcj~%liimuf tic I(JW
Icmpcrmrrc (40 ‘(1) IICillumrrihrw only utmul 9% to
Llwlditl syslcm maw, wuming nr(liulom {)f
convcntiunal &sign. ‘Ilis result suggmls a compacl,
imcgruml clwuwhcm MI scctiorrcoup]cd m much
Iargcr, Icssinsulam.1rcactarrlslomgc swlion.

Two diff~mmlrcaclanl slorugcconccplsarc fca-
sihlc—prcssurimxlgaseslw cryogenic Iluitls. MosI of IIW
studymnplmis wm tm prcssuriz~xlgas s[twagc. Sloragc
pressurefor girxcwusrcinmmlsIwtwccn 2 Ml% unrJ20
MI% WltS mlsi(kxc!. I%olhlcl #JSCS Wolt]d h &NlClldtC4.!it[

Ihc Axifuumxl stordgc fmxsurc. ( ‘untcmporii fihcr-

wT- tanks&llNMN~lL! u uink fMfofmlU)CC fuclur
(’ll’l;= I) IIV/M, where PII is the hurs[ pressure(psi), V



TiIblc I: l~monsr.muxl iu]~ Pmjccox.1Pcrhrrumw of Alkiilirw imclPI IM l:ucl (’cl! Smcks

( )rhitcr A(lv. orb Pmj * Nnlitm 1X)w P@* “

j. ]04 214 215 215 215 215

miilcm12
( ‘Cll (),W3 ().NS9 I .04X ().9()7 ().93() (),92()

Vollagc
Tcmp, (1 60 K2 149 104 102 x2

Prw, 0.41 0.4 I I,3H (),6() ().69 0,21

lrunsnorlrcsisuuwcis tic rcsull, Wumr Irunspurr
invol_vcsclcclroosmusis.which pumps waler-from lhc
arrmicto cMINnlcregion, couplml 10 lhc i(mic flux. l~is
occursby lranspm of iI hydmlcd ion, fonnully suchas
I IJ()+. Wnlcr also moves from rhc cur.htxlcmcmhrww
lirycr10anulc Iaycr, driven by diffu~ivc uml cxmvcctivc
forces. I ‘intilly, wa[cr moves
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ttumnwons. water content mtluences the mol cular
dimensions, as well. The polym~ morphology atso
intlumx?s molecular watextranspat causedby changes
in diffusion or convecuve ~ses. In tiition,
molecular water uansporl rates(mg/an% are
irtthmced by polymer thickness. (hnsequemly, both
the nuesof motecular water rransportand rherate of
elccrnnxrnoric waler wanspm m funcdonsof memtmme
[P, wiitcr cuntcnt and dimnsions.

NASA FUEL CELL TEST STATION 1
BALMRD MARK SA NAFION STACK
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I:igure 3: “Ilwnud Ikdunce I )cIcmmed ti)r PI:M I+wl
(’cII SWk. Iluhrd Mark 5A I%cl (’d Stack equipped
with Nulion~ Stuck,

d water alm.med m the hurnidilkrs ptus the water
peaaed dtmingcatbmE comfmrtmeats). When @
efectmmmotic cmftieimt is ~ ddibonaf water
moves through the membrme to tbe cathode and then b
fmtion d waterin thecarhockpduct streamincremcam
I Jnderamdhions wke h effecdve diffusivity i~
ti higher water flow oceum rhroughtbe membrarw,
increash.g the anode waler product flow,

COMPARISON BETWEEN MODEL AND EXPERIMENT
BALM.RD MOD IL 5A DOW STACK
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P@ue4: (’mparison Between Expcrimenud Water
Prodrrctkmand Model hdCtiOflIk Ballard Mark 5A I%EI
(‘M Statk equlppxl with Dow ex~rimcntal
mcmbmrux
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